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I Generzl Considerations:
2\-V\RX A Greeohouse

A. TFrogram: The Bio-madicel progrem is well-conceived

end well plannad. It has minimzl objsctives of 2 »nractical A
4OETOR

nzture for 1) determining biologically the cuelity and quentity
of the radiztions from a standard atomic exrlosion, and 2) for
obtazining information of civil defense znd military value. It
n#s te%en into consid=rstion the indefinsble variables of
biologiczl experimentation in the field end is doing everything

p033ible in the way of contr»lling these tests so that the

difficulties inhersnt in 2velu=ting the results will be
minimized. It has consistently zdhered (excant for one minor
concession to the Air Forces, =nd znother to the Surzeon
General's office) to the basic policy of limiting the typas

of experimentation to these of g well-tested and well-und=rstood
nature in order that the test may serve to correlate whst

ha pans 1o animals exposed to an atomic explosion with what

is being studied in the lszboratory. The biostztistical zspects
of the progrem mey be considered to be raprzcentative of the
thought &nd plenning which hsve zone into this operation.

Zven such fzctors as rre-test rendonization of the animals to
be szcrificed serizlly or to be shicrpad beck to the 3tates for
long term s*udy have bs-n talren into considerstion.

B, rrocurcment end Logistics: well under comnt rol. The

enimal colonies on Jart:zn ars thriving, the large snimzls have

been dewormied and.are in zoo2d condition, the effects of trans-
ocecnic flignt on mouse colonies have been studi=d, eic.. The
cnimal stations have been procured and a 722ar to have be=n

subjected to adecuate parformznce tests.
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C. Personnel: Those whom I know are competent and well
cuzlified for their jiobs. The persons in charge of the Bio-
12dical program zre scientifics=lly competent and have a good
practical understanding of logistics and organizational problems.

D, Operastions: The on=arational sspects of the ~rogrem

hzve beasn well thought out and will be rehearsed thorougnly
before shot time. The scientific ye2rsaonnel will be kapt out
of the field and will be responsible only for placing the
biological mzterials in insulating liners which will than be
distributaed =zt the prorer stations #nd collactad by comnpetaent
Military tezms. Thers will be five 5-msn recovery tsams, each
with & monitor from CGensral Coon=sy's outfit thet will be
ressonsible for placing =nd collecting the liners. Cnly two
of theze tezms will go into arsas which will be rzdiosctive
&nd the other three will be used for collecting Fearse's
rzterial on non-zctive islends. They will serva es resavi/a
tenmas from the point of view of rzdistion ex;osure. The teuns
will be 21llowed to teke an aversge of onz roenigen of ganwa
rzdiztion per men (Hut Le Roy »=2liesvas thzt this dosaze can

be incre2=z<ed to 3 r if neces=ary). The monitors will zct in

tn advisory czoecity, but will revort to 2 chief monitor
(Cantzin Height) who will %“e with the besch master and will

ncve zutnority to ordar evecusztion., Le Roy will be in a

boat ae:rby =nd will b2 in direct comunication with the tsams
and with the beach mzster. The problam of recovery of biologicsl
meterial shoul t vrove to be difficult. The station design
crovides, for elternazte methods of racovery of materisl in

cz=se the usu2l methods of evzcu=ztion cennot b2 used. The
rediztion hazards for this {type of zn ev~lozion can be estimated

with ressonzble accurscy snd srould not be =erious--150 =r ner hour
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is expectad to be the-highest rediztion intensity which the teams
w1ill encounter. '

It will tz%e about 4-5 hours to distribute thz znimals
before the shot and about 2n ecual time to return them to the
l=boratories. Immediately after the shot, & helicortsr will
Zo into the aresaz, give the sll-clezr signal, collect a few

ir

o

neutron indicztors and do minor revsirs concerned with
flow into stetions. A special crew will arrvive by s-eadboat
ed

on the island within an hoir after the shot, will be jreper
to repnair stations snd to obtein the first two nairs of nigs and
dogs for serial sacrifice. These znimals will bHe ra2turn=d to
the laboratories within three hoiurs zfter shot time,.

%. Cyer-211 Tl=sn of the Creration: will be ziven verbally.

II Biological Haterizls to be used =nd Metheds of Disrlsy:

A. Tyrpes of Materials: The biolngicsl materizls 1o be
dispnlayed diff Tor the two tests in the following wey:
1. 1., 3Biological Dosimeters

a. Corn in packets (for high flux neutrons
b. Tred=»scentia (inflorescences znd
nlents to be used vrimzrily for

lover decses of neutrons)

oy

c. Mic2 (thymus-spleen weizht change,

I

o

o
D

used for both g=ama reys
znd neuts.)
2. Mammels (Survivael vs. distconce)

2, mice

A.  Zgmma rey survivors

a
b, n=utron survivors

<

o’
Re]

Jg o 0y
n

(o
o P

[©]



"

5. Iammels (Special 3tudies)
a

5eriel sacrifice

N
-

. hemztology (? 2lso nigs)
4. Yemmzls (Thernal effacts vs. distance)
a. dogs and pizs (1:4 retio)
1. three tests per znimal (time
versus effact)
2. three tests per znimal
(wave length vs. effect)
5. Rediation Mezsurements (by Bio-medical group)
a. Radiznt "nergy (to be messured by N.R.T.
1. total integrzte24 dose at

2ach siztion to be measured

a

b. Tonizing Radistion

1. lMsn-siz~d laminated masonite
vhentons: Sach will cont=in
film and ion g¢hambers +o
give an idea of the
homogeneity of the incident
radisztion and the zmount of
scetiered raediation. 4 —air
of these phantoms will be
rlaced £t 22ch large animal
station (with szme zmount of
shielding); others will be
~laced 2t closer 2nd further
roin%ts; and some will be

rlzced in stendserd army tenks.

T



2. Lucite spherss ranging from
5 to 30 ¢m. in diameter. A
graduatad series of spheres
will be susnended =zt each
st~tion (? large znd small
rnimal station). They
cont-in film pzckets and
ion chambers (high sztursation)
énd ar2 d:signed to give the
radiation 4ozes in =sir.
3. Ycuse Phanitoms: Mouse sized
ocks contsining film
to be plsced =t 2zch mouse
station.
4. Cther mezsurements of neutron
#fnd gzmna rz2y intensity and
srectrum will be mads by

‘ N. R. L. =nd Tos Alzmos group.

=]
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2. JStudies by Bio-mediczl group limitzd to the following:
1. biologicsl dosimetry
« mouse survival vs. distznce

5. ‘thermal effects in lerge enimcls
4

Uxposure 3tstions: TUxcent for the biclozical materizls in the
drone plezres, 211 biologic:l stztions are on the ground (or on
floats) along one of saveral n2zrby radii. The stztions are of
differ=nt 1y es snd are designed to withstznd varying amounts of
blest 2nd to shield sgzinst differ-=nt tyres znd zmounts of
ionizing rzdistion. All stztions excent those in the plenes will’
have individusl cells for the animals z£s well =5 & continuous
record of the taqﬁggfﬁgggai?%i?fﬁigure, automztic eirflow (which
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shuts off temporerily after the shot %o excluda zoseible

contaminztion by fis=ion products.)

1.

Typa 1:

Tyce

D .

VS LOE mnie il vl

Ground Ststions:

To house uackats of corn. Don't know

details of design but will be vary close

out zlmost =11 gr 13 r=ys by mesns of

6 in. layer of lead —cinted on the out-
side with cadmium,
will

of

Only reutrons ebove therwel energies

stetion. The attenustion
will

c=nt of

enter this
¢ nstitute less th n
tote 1. will be

stztions for nesutron

the n=2uts,
20

. A
elisht of thzaa

neT ‘here

dosinetry cont ining mice, tradescantia,

mo1e phentons, peré@n:?l and neutron

dosimeter;; eight adZitional stztions

will contain mice for neutron sufvival

studie=,

Cylind=rs for g:-
i

and trzd-:=cen

stztions Farther zway from tower than
typ2 2. i1l contsin 260 mice each for
gzma ray dosimetry, leth:l dosz2 and
gemma ray survivel studies.

Targe rnimel cont iners shield=d from

bla=t efTects for gowms ray mortality



IIT  Detsiled Flans of Indicidusl “xperitent

A.

znd serial section studi-zs.
Type 5: Large rnimel st-tions for thermzl effect
studies. ‘nim=ls ore saesthetized =nd
held in nlzce zgrinst gusrtz coverad exn-sure
norts (ths cuartz windows will shield
2inst scnd blect effects). In those

ports, where time ve. effect is =tudied,

-4

i
the sizral is tzke2n from the flash by a
Shotozlactric c¢2il (celled "blushox®,

ap’ rontly very relisble signal corps

Jrone /ninzl Cheabers: Mice arz ~lsced in ivo commarimients

of the drone Tuselsocze, imdividuel ¢ells zvre not used. In
S

one cownsrvaent, the outside =ir contsining fon. is

cdmittad,

cnd mice

in th2 second ¢nmnrriment, the nir is filtered

nd tradeccantia inflor=scence arse used =s inte-

grating dosimeters. These desizns have been tested out et

4+

ciice withstend the lowered temzerature and ovyszen

w211, Tests sr=2 2lso being conducted on r=distion

effects at sinulated pres=ure znd temperaturs ¢t Los Alszmos.

3iolozi

1.

czl Dosinetry

corn: Corn undergoes = disproportion:tely large
~nuaber of somatic mutstions when ir-adizted with
neutrons. Tack=2ts of Yernels will be exr:ozad to
difTering egmounts of rediztisn renzing from a
winimum of 15,050 gz~n-2 roentgens =nd 1019 neuts/cm2
to a maziman of 30,023 znnw= r and 1015 neuts.
Closest station will b= 30D yerds and recovery will

be delzyed for severzl days. The seeds will be
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studied by Anderson of C.I.T., who made observsations
on the Bikini corn. Controls have been studied
cerefully with 250 k.v. x-r2ys =nd with water boiler
neats. at Tos Alemos.

Tradescantia: Inflorascence will be placed =t
close stations znd plants et f=r stztions.

Dr. Conger of Czk Ridge will be in charge of

this study. 3mears of the pollsn will be mede

at 21 hours znd four deys after evposure (the

two clessical times of study) snd some of the
scoring of the chromosome breaks will be made

et Japtan. This tyne of study is of perticulsr
importznce in the stidy of neutrons as the
incraase in brezks is not (?) lineser in the case
of gemma rays when the dose aexceads 250 rozntgens.
I presume that the neutron studiss with fission,
pile znd cyclotron neitrons such zs have bean
rasorted in the literatire are being continued.
“"he tradescentia will be placed in the hemispherical
stetions where they will receive an estimated
1010 to 1013 neuts (lzrgely fast) z2nd not more
then 30 gamma roentgens. They will 21350 be
plecad in the cylindrical stztions where they
will be exposed msinly to gzmi2 rays.

Mouse spleszn-thymnus weight decrezse: This is

en excellent #nd novel idez, but it is the least
well explored of the biological tests (excerp

for the inhalztion). Carter at Los Alzmos has
studizd this problem thoroughly with neuts. and
photons of different energies znd has calibrated
the weight d=2crease in these lymphoid tis=zues

3 az-
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for differsnt radiations. Ee has damonstrated
excellent families of curves which =how, for
exemrle, a decrease in thymic weiznt of 35 &nd

10 »er cent respectively for the same doses of
250 and 1000 k.v. x-rays. The splezns are
weighed imnedictely after suitopsy of the animzals,
but the thymus is »nlaced in formelin over nizht
to permit easier separciion of the fzt. 1300
sevarate weighings will be done in pzired
weighing bottles for =ach t23t. He has five
belences, 2 rezulsr staff of seven and will =44
seven other nelpers to his grouv a each test.

£
1 r

A trial run using 250 k.v. x-rays will be conducted
e wreceding those

actuzlly used in the first test.

Mouse Experiments (other than dosimetry) The Fl hybrids of
the LAF strain are being used beczuse ithey sive the ~ost
consistent data on mortality studies zccording to Cronkite
and Lorenz.
1. Mortality vs. distence: 7This will only be determined
for gamra rays. Thare will b2 thiriy enimzls of

azch sex in the twventy-nine cylindrical stztions,

oy

o

do
"he probzble dose rense which will he covered is
Ps )

-1200, but it may be 50-1400, or 80-1€00 r.,

ich are so plzced thet they will receive increasing

s2s of gamma rays in increments of 25 roentgens.

s
(@)

d=pending u-on the bonb efficiency. I don't
think these aninzls will be =utorsied. They
should be racoverzd in 4-5 hours. Lethzl dose
studies under simulated fi=21ld conditions hsave

been comdleted at Puntar's Toint.

™
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Long term effacts in survivors: The life spsn,

tumor incidence nd catarczct induction will be

ati1died in surviving mice exposed both to neutrons

end gemma reys. These animzls will be sent by

2ir to Furth at Cskx Ridge f-r observation.

a.

Gamma ray survivors: There will be zbout

200 znima2ls at =2ach of the 29 gamra ray
stztions earmarked for long term survival
studi=zs. Following the shot, they will

be pooled in grouns of four {covering a

dose range of 100 roentgens). Not more

than 4200 animals will be returned to the
states. They will be accompanied by controls
(? how many) which will be given ecquivalant

doses of 250 k.v. x-rays (for each individual

gzroup, not the pooled groups of four)
according to the mouse dosimetry m2zsure-
ments (My own onrinion is that since moase
dosimetry is & rather new tool for cali-
bration of radiation they should also have
control &nimals given doses based on the
“hyaical measurements of what the znimels
raceived. This would alley possible
controversy in the future as to the -signif-
icence of %the resulis.) The differsnce in
1ife soen, tumor incidence and caztzract
development betweesn the znimals exposed in
the field =nd those given ecuivalent doses
of 250 k.v. x-rays will be sitadied. Only
200 non-irradisted controls will ac.ompany
the =2xpcsed animels. The statisticizans
felt that no more were necessary since the
differencas in long term effects betwe=2n

94
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unexposed animals of this strzin end those
given various amounts of 250 k.v. x-rays

have been w21l esteblished.

b. Neutron survivors: The survivors of the

eight neutron grouns of neutron-exposed
animels (50-~0 per group in hemischerical
ststions) will =z1lso be returned to Furth.
They will e exposed to ap roximately the
following nuwmber of rem of neutrons:
14, 40, 70, 140, 560, &nd 1120. I don't
know how they are going to control these
groups (I sus-ose by uneymosed animzls).
Inhalztion SZxperiments: Groups of (?) 30 mice
will be =nleced in the fuselage of drone planes
and the outsid- air including f. p. will be
egdmitted throusgh louvres into their container.
4hen the animels are returned to Jertan, they
will e szerificed s=2rizl’y. The lungs,
g.1i. tracts, skin and czrcasies will be
pooled, frozen and r=turned to Los Alsamos
for as=ay. The totzl rmdioactivity of the
orgens, &nd thzt due to molybdenum, will be
d=2termin=ad. In this way it will be pocszible
to differentiste betwe=n f.p. d>nosited on
s¥in =2nd subsecuently swellowed Tfrom that
inh2lad. I don't ¥rnow what kind of physical

air semrling d2vices will be used to control

d
this ex—erimsnt other th=n those used to collect

semnles for yi=ld chenistry. This i3 one of
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two instances in which there hes been a
minor deviation from the program's basic
rhilosophy of conducting only well understood
and saszily interpretable exneriments. The
.gnificance of the mouse inhalation data

vill not be clear, but the Air Forces have
be~n 2xtremely =22ger to obtzin this informz=tion

wihiich #1thouzh no»nr, they Tael is better th=n none.

Targe /nimzl Studies:
Fizs end dogs (foxhounds) will be used. There is some concarn
coout whether the pigs will be amz11l enough to fit some of the

contéiners zs an error was made in the time of brszading. This
together with the slight d:lay in the shot time has caused
envisty particulsrly on the part of Tezrse's group 25 to whether
the fnimals will not be too large =2t chot time. The veterinaricn
in charge of the rnimals is confident thzt he can hold down the
w=21sht 0f these enim=ls to 70 ver cent of thet formerly exnected

withoat interfering with the hezlth or nutrition of the animals.

.1

Le Roy is zoing to send word to Fezr=s z=s sosn 25 he arrives and
locks over the situation.
1. Jonizinz Radietion:
a. wmortzlity versus disten

ststions each conie

m
'.J
3
}_l-
—‘ o]

t 75 roentgen interva

S’\'\

renge of AD to 700 r of gamma radisztion. Ko
testing of =zny sort will be done on threse
znimel=~, %11 deeths will be zutopsied.
Kod=cnrome films will be telen of patholozicel
specimens and some of the gross orgsns will be

embedded in plastic ¢nd szved for tesching purposas.
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Tezhzl dos3e studies have besn done on
the sgme strrin of pigs at N.R. D. L. with
1030 ¥.v. %-r2y3 und=2r conditions designed to
simalate those at the test site. A walk-in
refrigerator has been revampad to aprroxim:te
the temperatura, infra-red light conditions,
meen humidity =nd mininum sir flow at ststions.
Anims1ls =r2 given 4 5 hour rides before and
aftter irrsdie-ion in clos=d trucks to mcke
axnosure conditions &s neer &S possible to
those in tha fTield. Jog exseriments of a
comp " ble nature will be completed soon. XHo
morselity =tudizs will be done et test site.

ag: Thirty-iwo dogs will

e

Hi=%tolozicel otud

AV]

bha exnozed to 2 35 dry T..O. 103 (epsrovimately

550 g& -z roentgens).  They will be sscrificed

on a2 rondem bssisz two =t 2 time. The times of

scerifice heve not be-n deocid d definitely and

will d=p2nd upon the outcom2 of current studies
at the N.R.IL,. It is probasble that three

zrou—z will be szcrificed during the first

24 hoirs znd then ona rair per dey thereafier.

Comn nder Tullis 111 be nroject officer in

1

chrrze of these studies on pigs, vhile
Sr. trthur Y. Zeiton (Navy) will conduct the
stadiie= on the dozs. (2o, De Coursey will
not periicircte in this worr.) As fer s I
11 from t:1kinz to the pzthologisis at
Rochester this dztz zlone should Zive
information whareby the ecaivelant doze of
1050 ¥.v. x-12ys can be determined to within

50 roentgens. These sninzls will also be used



for deily hemztological studies mentioned
below and the blonod of the dogs will be saved
for chemical studies.

c. Blood Counts: To be done dcily on dogs and
pigs by Commz=ndar Cronkite.

d. 3lo2d Chemistry: 50 percent of the dog blood
&t autopsy will be =szved. The plasmz will be

senareted and frozen. The following studies
are contemplated:

1. oplasma fibrinozen (?? by whom)

2. non-prot=in bound iron (Chznutin)

3. serum potassiam (Hastings)
The remainder of the plasma will be stabilized
and pressrved by pessing through an ion

exchange column (Libby, U.C.L.A.).

Thermsl Radiztion: There vwill be five stetions in the
first test, six in the second, =&ch contszining elevan
enimals (three or four pigs for every dog). Zzch

enimel will be anesthetized and h21d in place against
the vorts designed to admit non-ionizing radiations of
differant wave length or =t different tim=s after the
ex~losion. Three com®binations of biological mezsurewments
vill be mede--the first, the thermsl burns versus tine
i.e. durinz the first 30 millisecond interval after the
e¥plosion end during the veriod thereaftef; the second,
the burn nroduced on skin grzdually exnos2d by a sliding
srutter which op2ns at a definite rate of speesd, and
third, burns produced by svcluding certain componants of
the 1lisht spectrum, i.e. by filtering out individuslly
the uliraviolet, the visible, 2nd the infrared light.

Zzch of these tests will be car ied out on both pigs znd
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dogs and each will have its own control of a small port

which admits all of the thermsl radiant energy. The only
studies which will be made on the burnsd areas are

1) description of intact lesions, sup-lemsnted by Kodachrome
photography, and 2) histological examination of biopsy specimens.

Another biolozical test that has just bean includesd at
the recuest of the 3urgeson General's CfrTice is the effect of
therms1l redistions on small »iecas of material in contact with
the ~kin. Twelve such tests will be made on four snimals in
the outer staztion~. (This will be integrated with the material
testing rrogrem being car ied out by the N.D.R.T. Bach
station will have zn integreting czlorimeter which will
mezsure the totzl radiant energy. These instrumants have
been desizned so that their racords of total energy can be
broken down in terns of N.R.T. datz into time and spsctiral
distribution.

The stations are nleced so thst 2 large renge of energy
is covered. It is estimstad thet the minimel energzgy studied
during the first test will be 3.3 to 3.5 calories per sSg. Cm.
while the meyimum will be 57 to 125 cal/cmg. A comparable
energy range +ill be studied during the second test. The
minizmal energies are ap roximstely those recuired to produce
threshold effects (5.7 cal/sa. cm/sec.). These estimates
of thermazl energies zre cuite uncertzin. They d=pend upon
who mekes the crlculation z2nd will certeinly vary with bomb
efficiesncy, atmospheric conditions, etc..

These studies hzave bzen well c¢ontrolled by prelininary

experimentztion here at Rochester. 131 individual tests on

JCDNE ARCHIVED qg
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anesthesias have been made under conditions which simulate
those in the Tacific. 40 large surfzce burns have been
produced by the scenning technic utilizing the focussed
bazm of 2 large searchlight, and 12€ smzller burns have

been produced with mzgnesium flares.

v Impras~ion of Vzlue of Data which will be obtzined and problems
left unsolvead. |
I don't think that the bio-madiczl prozrsm could have
been »l:nnad in a more direct or simple wey in order to get
the desir2d informsztion. Jome of the tests are morz strsight-

forward thzn others and probably have a tetter chence of

P T |

giving goo>d 4ata. Thu:;uthe biolozical dosimetry is not

subjiect to the meny unkrown verisbles which determine for

evemple =survival studies. Thease tests se>m to me to be

e¥cell=ant ¢nd should give valuable information. The lethal

dose studies are =ound, althoi1gh unexsected variztions in radia-
(due to bomb efficisncy) msy interfere with the

interpretation of the large animal studies which are based

on & relestively few groups of animzls. The mouse survival

studies shouald give good measures of the nautron end gamma

ray efiacts uvrovided that somz of the intengible factors of

hamztol -

o

this type of study do not distort the re=ulit=s. Th
ozy and histoloszical studies, althouigh per‘ormed on a limited
nunber of snimals, should also give go~d data. The numbers
of tnimels in each group is statistically sound, but I am
enoigh of a biologist to feel thst the ssmnle size ney-
on the =sm=11 sid=., The thermzl studies hzve be=n very

T

thorouzhly olanned. The factors which could interfere with
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the obtzining of Zood results are 1) poor placing of stations
due to miscelculations of the thermal energies and 2) the
ros~ibility that the pigs will be too large for use. The
dzta £ om mouse inhslztion studies will be difficult to
inter~ret 2%thouzh it may give some clues to pzriticle size in
tne cloud.

At best, zood datz will be obtzined correlseting biological
effects and ohy-ical measureneants. This should help to
solve the discrevszncies in the internretation of dosage in
the Japznese and the arguments s to dose-intensity effects.
If the results from the various tests should not jibe or
should conflict, it mzy still be -os ible to discriminate
between true and spuriocus resulis. The problems which will
not be solved by this test are impos=idble to anticinate, but
my zuess is that if you ers planning znother test, the dose-
intensity cuestion should %e considzred as the most lik%ely to
ba =till in cuestion. Another practical piece of information,
which can »e obtzined in tine in the l=»oratory but which
could s2 determined (with limitations) at a later test is
the combinad effact of ionizing and thermel rzdiztions on

lerge znimals.

Hote: Donaldson will not particinate in test end testing

like that done at Bikini will not be carried out.
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